Abstract-The old documents in Jawi script are being used widely for references. The hard copies of those scripts will deteriorate as time passes. Most of the previous works on Jawi documents focused on the character recognition and the accuracy of the algorithm was very much affected by noise. An effective preprocessing method is required to binarize degraded Jawi document. In this paper, a new technique to threshold degraded Jawi document is proposed. The results of the new algorithm were also evaluated and compared with several algorithms. The quality of the thresholding methods was assessed using visual inspection and mathematical evaluation. The results show that the new technique has outclassed other binarization algorithms.
INTRODUCTION
The Jawi-script is an art of writing that has existed for centuries in South East Asia. The Jawi script is originated from Arabic script and has been adapted to suit the Malay Language. The Malay Manuscript Centre of Malaysian National Library has managed to gather more than 2,000 old Jawi manuscripts [1] . Old Jawi documents are also available in libraries of other countries like Indonesia, Brunei, South Africa, Singapore, Germany, Netherlands, USA, and France.
Several Jawi character recognition and image analysis algorithms have been developed. Zaidi et al. [2] and Zaidi et al. [3] have developed Jawi recognition algorithms. In both papers, thinning algorithms were used to binarize the Jawi characters and the algorithms failed to binarized the Jawi characters due to present of noise. Khairuddin et al. [4] conducted studies on skew detection and correction of Jawi images and utilized the Sobel edge operator to binarize the non degraded document. The Sobel edge operator is not suitable for the degraded document because it will detect the uneven illumination or noise on the background as foreground pixels. Zaidi et. al. [5] and Zaidi et. al. [6] have conducted research on segmenting long connected Jawi characters into isolated letters. In their studies, the Jawi documents were manually cropped and a single threshold value (global thresholding method) was utilized to binarize the cropped documents. Sitti Rachmawati et al. [7] suggested Sauvola and Pietikainen [14] thresholding method to binarize degraded Jawi documents.
Since the previous thresholding and binarization algorithms for Jawi documents were not studied thoroughly, the algorithms to threshold Roman documents are also reviewed. Trier and Taxt [8] have evaluated 4 global methods, 11 local methods, and 4 modified local methods. In this evaluation the Niblack's method [9] that enhanced by the Yanowitz and Bruckstein's [10] post processing step was the best overall method. In the study made by Leedham et al. [11] , several algorithms were compared and the best method for historical images was the local Quadratic Integral Ratio (QIR) method [12] . The QIR had been compared with several methods in Leedham et al. [13] . However, in this evaluation the best method for historical images was the proposed Background Subtraction (BS) technique.From the evaluations made in Leedham et al. [11] and Leedham et al. [13] , we can conclude that the BS technique was the best method to binarize historical documents.
The BS method and the best method in Trier and Taxt [8] evaluation, the modified Niblack's method are evaluated in this paper. Two other methods that were presented in Sauvola and Pietikainen [14] and Yanni and Horne [15] are also included in our study. These two methods were not included in the comparison in Trier and Taxt [8] , Leedham et al. [11] , and Leedham et al. [13] . Due to the wide usage of the Niblack's method [9] in many binarization algorithm, the method is also evaluated. Those methods were evaluated and their results were compared with our proposed technique.
The paper is organized as follows. Section II presents the proposed method. Experimental results are presented in Section III. Finally conclusion is drawn in Section IV.
II. THE PROPOSED METHOD
The proposed new binarization method separates the document into three different categories: document background, text region's background, and characters. First, the algorithm separates the document into document background and text region. The algorithm segments the characters from their backgrounds through several different levels of The size of the neighborhood should be small enough that it will not threshold the background area but at the at the same time large enough to threshold the thin parts of the characters. The threshold at pixel (x, y) is calculated as:
where σ (x,y) is the standard deviation of a local area and ς is the empirical threshold value. The holes in the documents are filled using the morphological operation. Each object on the document is labeled. The number of pixels on each object is computed. If the number of pixels on a character is smaller than a predefined value p, then the object is removed from the document. The value of p can be decided experimentally.
The morphological dilation is applied to the document to produce image in Fig. 1(a) . At this stage, the document is divided into a number of text regions and document background area. Label each object on the document and compute their area. Based on the location of the labeled object in this document, the exact place of the text regions in the input image f(x,y ) can be identified . Fig 1(b) shows the example of the extracted text region.
For each text region, the closing algorithm with a small disk structuring element is used to model the background image. From the background model of the text row, the minimum pixel value is computed T backmin . This will produce two groups of pixels, h with intensity values ≥ T backmin , and l, consisting of pixel values < T backmin . Next, the midpoint intensity values m 1 and m 2 for the pixels in the region h and l are computed. A new T value is calculated using the average between m 1 and m 2 . Then, the algorithm repeats the segmentation process using the new T value until the difference in T in successive iteration is = 0. By using the final T value, the algorithm segments the image into two groups ( h with intensity values ≥ T and l, consisting of pixel values < T ) and compute the peak pixel values for each group, where P upper is the peak pixel value for region h and P lower is the peak pixel value for region l. The midpoint value T mid is the average value between P upper and P lower .
The local thresholding method is applied to binarize the document using the global threshold value T mid . The local thresholding involves six levels of thresholds. The thresholds are applied to remove the text region's pixel step by step through six levels of local threshold methods. The six levels of threshold methods are shown as follows:
1. The local neighbourhood processing is applied to the first text row area in the original image. Within the local windows , the maximum L max and minimum L min values are computed. The three groups of pixels, the foreground, background and the undetermined pixels are produced using the following formula:
A character pixel that do not have the broken pixels adjacent to it will be categorized as a foreground pixel and a background pixel that do not have any noise pixel within the local neighbourhood will be categorized as a background pixel. The pixels that located near the broken character pixels and noise pixels are categorized as undetermined pixels. This will ensure that the background noise pixels and the broken pixels will not be wrongly segmented as character and background pixels respectively.
2. Some of the undetermined pixels can be categorized into background pixels based on the following equation:
where x 1-8 = 1 is the condition where at least one of the eight neighbors of f (x,y) is a background pixel and ∧ is the logical AND operator. Equation (3) segments the undetermined pixels that located at the edge of the character as background if they have pixels' value > T mid .
3. The pixel at h(x,y) is classified based on the following formula:
where σ(h) is standard deviation of the region h and the value α is used to adjust how much of the undetermined pixels is taken as a part of the background pixel.
4. The pixels within the text row is further categorized based on the following rule:
5. The local window is applied to the j(x,y) and the following equation is employed:
where ∧and ∨ are the logical AND and OR operators respectively.
6. The final threshold will remove isolated pixel based on the following equation:
III. EXPERIMENTAL RESULTS
The binarization methods were tested on 20 examples of the degraded historical handwritten Jawi documents. The Misclassification Error (ME) [16] was used to compare the performance of the thresholding methods. ME can be expressed as:
where B 0 and F 0 denote the background and foreground of the original (ground-truth) image, B T and F T denote the background and foreground area pixels in the test image and |.| is the cardinality of the set. The ME varies from 0 to a perfectly classified image to 1 for a totally wrongly binarized image.
The ground-truth document images were manually constructed using visual interpretation as in Domingo and Pedreschi [17] . The images that were used to test the algorithms performance had varying resolutions, sizes, contrast and different handwriting styles to ensure correct comparison of performance of the algorithms. Details ME results for the 20 images are presented in Table I . The section of the original image and the results of the threshold algorithms on the section of the image are shown in Fig 2. Niblack's method managed to threshold the Jawi character from its background. However, it failed to remove noise from the background. Furthermore, the algorithm is sensitive to the k value. Although with the optimum value of k (-0.1), noise is still visible on the background.
When the Yanowitz and Bruckstein's post processing algorithm was applied to the Niblack's algorithm, worse results were produced on the characters. This is due to the smoothing operation of the mean filter that generates a blurring effect on certain parts of the characters. When the edge operator was applied, edges were detected on the characters. Due to these factors, unwanted white stripes were created on the characters. However, with the mean filter the algorithm managed to remove noise from the background.
Sauvola's algorithm managed to reduce the background noise problem that faced by the Niblack's algorithm. However, the background noise is still visible. Furthermore, the weak strokes of the characters are not properly threshold by the algorithm.
The weak noise pixels on the background managed to be eliminated by the Background Subtraction method. Since the threshold value is applied globally, this technique tends to threshold the smaller and darker background pixels.
The Yanni and Horne's iterative thresholding method produced almost similar results as the Background Subtraction algorithm. For some images with the uneven illumination this technique failed to threshold weak foreground pixels and generated more noise in the backgrounds. Equation (1) in the proposed method will produce black dots the on the background if L min < T mid . The black dots may not be generated in the final image if it can be solved by either (3), (6) or (7). However, if (4) have converted them to black, (6) and (7) may not be able to rectify the problem. The parameter α in (5) need to be decided carefully. Increasing the α will correctly binarize the undetermined pixels as background pixels. However, the high α value will cause the pixels that are part of the characters converted to background pixels. This will produce unwanted holes or broken pixels on the characters. As shown in Table I , the proposed method recorded the lowest average misclassification for the 20 different test images. The proposed method also recorded the lowest standard deviation of the ME, which shows the robustness of the algorithm.
IV. CONCLUSION
In this paper, a proposed binarization methods on degraded Jawi documents is presented. Comparison was made with several others thresholding algorithms. The results show that the Niblack's method and the improved Niblack's method with Yanowitz and Bruckstein post processing are strongly not
recommended to threshold Jawi document. From the visual inspection and mathematical evaluation results show that the proposed techniques are the best method to binarize degraded Jawi documents. 
